Two synthetic solid-solution series, analcime to Rb-leucite and analcime to Cs-leucite (pollucite), have been investigated to understand more fully the thermodynamic and structural behavior of analcime-leucite and similar mineral systems. Unit-cell dimensions and volumes in these series expand with the substitution of analcime component in either Rb-leucite or pollucite, as H 2 O molecules structurally replace the smaller entities Rb +1 or Cs +1 , respectively. Unit-cell volumes vary linearly as functions of composition, but with changing slopes over several segments of compositional space, akin to thermal expansion in K-, Rb-, and Cs-end-member materials studied by previous workers. When symmetry changes displacively from tetragonal to isometric, as in the Rb-bearing series, the slope of volume expansion changes. Once structures have reached full expansion, volume slopes flatten and are little affected by additional analcime component. Enthalpies of solution measured at 50 ∞C in 20.1 wt% hydrofluoric acid show single-slope linear relationships over the entire compositional ranges of both series. Thus, despite positive volumes of mixing, there are no enthalpies of mixing in either series, nor is there energetic evidence of displacive tetragonal/isometric inversion or the various stages of structural expansion. Overall, the data suggest that the analcime-leucite system also can be modeled as close to thermodynamically ideal. The limited solid solution between natural analcime and leucite must be attributed to energetically favored heterogeneous equilibria involving minerals such as feldspars and other feldspathoids, and not to immiscibility between the end-members. leucite containing up to 40 mol% analcime has been produced experimentally at 800 ∞C (1 atm) by Fudali (1963) , leucite containing only 4 mol% analcime is apparently the stable member of high-temperature mineral assemblages in larger chemical systems that include silica content as a variable (Roux and MacKenzie 1978) . Moreover, the experimental study of these materials is rendered virtually impossible by phase equilibria that prevent the synthesis of either stable or metastable intermediate compositions.
INTRODUCTION
Thermodynamic mixing properties for solid-solution series provide thermodynamic data for intermediate members of such series and also are critical to an energy-based understanding of mineral behavior. Indeed, positive energies of mixing are generally associated with the phenomenon of exsolution. Mixing properties have been determined in this laboratory for alkali (and Ca-bearing alkali) feldspars having various degrees of AlSi order, aluminous micas, and nepheline-kalsilite feldspathoids having a range of Si contents (Hovis 1988 (Hovis , 1997 Hovis et al. 1991; Hovis and Roux 1993, 1999; Hovis and Navrotsky 1995; Roux and Hovis 1996; Hovis and Graeme-Barber 1997; . A potentially valuable addition to data for these series would be mixing properties for the analcime (NaAlSi 2 O 6 · H 2 O)-leucite (KAlSi 2 O 6 ) system. Not only would this system provide information on an additional framework silicate series, but it would also give energetic insight into substitutions in mineral series that are necessarily coupled for reasons of structure (discussed below) rather than electrical neutrality.
A difficulty in studying intermediate members of the analcime-leucite system is that naturally occurring specimens display extremely limited solid solution between the end-members (Edgar 1984) . Even in experimental studies, analcime shows negligible dissolution of leucite (Edgar 1978 ). Yet, although 1942; Callerie and Ferraris 1964; Knowles et al. 1965; Beger 1969; Ferraris et al. 1972; Mazzi et al. 1976; Mazzi and Galli 1978; Palmer et al. 1997) . Complete structural summaries can be found in Taylor and Henderson (1968) , Hazen and Finger (1979) , and Palmer et al. (1997) . Palmer (1994) described the general structure of these materials as composed of a network of vertex-sharing (Al,Si)O 4 tetrahedra having wide nonintersecting channels parallel to the <111> directions, connected via <110> side-channels. The H 2 O molecules of analcime occupy the same structural positions in the <111> channels as the K +1 ions in leucite, whereas the Na +1 positions of analcime fill sites that are vacant in leucite. (Clearly, H 2 O molecules are needed to support the framework structure of analcime, as anhydrous NaAlSi 2 O 6 exists in nature as the single-chain silicate jadeite.) In a potential solid-solution series from leucite to analcime, the Na cations of analcime would replace vacant sites (■ ■) in leucite as H 2 O molecules simultaneously take the positions occupied by K cations in leucite, thus the structural necessity for the coupling Na +1 H 2 O = ■ ■K +1 noted earlier. Written in a structurally analogous style to the formula for analcime (NaAlSi 2 O 6 ·H 2 O), then, leucite would be expressed as ■ ■AlSi 2 O 6 ·K.
Despite similarities in structure, the room-temperature symmetries of analcime (isometric or pseudo-isometric; also see additional symmetries discussed by Hazen and Finger 1979) and leucite (tetragonal) are not identical. However, it has long been known that leucite can be converted to isometric symmetry through heating (e.g., Friedel and Friedel 1890; Faust 1963; Taylor and Henderson 1968; Palmer et al. 1997 ). Taylor and Henderson (1968) describe the structural conversion to isometric symmetry as the untwisting of a collapsed framework. More specifically, Palmer et al. (1997) describe this displacive transformation as the result of the untwisting of tetragonal prisms of corner-linked (Al,Si)O 4 tetrahedra about [001] . As these socalled collapsed prisms become untwisted, one can think of the structure as becoming increasingly "expanded."
EXPERIMENTAL PROCEDURES

Sample synthesis and characterization
Two solid-solution series were produced for the present study, one ranging in composition from analcime to pollucite ("Cs-leucite"), the other from analcime to "Rb-leucite" (RbAlSi 2 O 6 ). The hydrothermal syntheses were accomplished at CNRS, Orléans, France, by preparing gels of the desired compositions using the method of Hamilton and Henderson (1968) , then crystallizing the gels either in an internally heated pressure vessel fitted with a high-performance furnace or in cold-seal vessels. Temperature and pressure conditions (Table  1) ranged from 400 to 800 ∞C and 2 to 6 kilobars.
Room-temperature powder X-ray diffraction (XRD) analyses of the synthesized materials revealed sharp peaks (similar to those of the NBS Si internal standard) characteristic of wellcrystallized materials. Note that K-leucite is tetragonal and isostructural with Rb-leucite, whereas Cs-leucite is isometric or pseudo-isometric at room temperature (see later discussion; also Palmer et al. 1997) . Electron microprobe analyses performed at CNRS, Orléans, although somewhat less precise than one would wish due to small grain sizes and alkali ion mobility in these structures, verified the expected chemical compositions of the samples. Water contents of a representative group of samples were checked through weight-loss measurements made on samples of 15 to 40 mg using a Sartorius microbalance (precision of 2 mg, with an estimated standard error of 4 mg, for 50 mg samples). Samples were dried overnight at 100 ∞C, weighed, slowly dehydrated to 600 ∞C over a 6 hour period (to prevent sample loss from a fragile gold wrapper), then reweighed. The resulting H 2 O contents ( Fig. 1) are very close to theoretical values.
Unit-cell dimensions and volumes
Unit-cell dimensions and volumes were determined at CNRS, Orléans, from powder (XRD) data obtained with an Inel CPS120 detector calibrated as outlined in Roux and Volfinger (1996;  a few analyses, designated in Table 1 , utilized a Siemens diffractometer). The location of each peak was determined by least-squares techniques that resulted in typical uncertainties of 0.007∞ 2q. These uncertainties were incorporated into the unit-cell parameter refinements. This procedure, along with inclusion of high-angle data (in excess of 100∞ 2q) provided by the INEL system, resulted in low standard errors.
Duplicate studies were carried out on Cs-bearing samples at Lafayette College utilizing a Scintag DMS 2000 automated diffractometer. Scans were made from 12 to 72∞ 2q at 0.25∞/ min utilizing filtered Cu radiation and a monochromator. CuKa 2 FIGURE 1. Water contents for selected Cs-bearing (squares) and Rb-bearing (circles) samples plotted against mole fraction pollucite or Rb-leucite. The solid (Cs) and dashed (Rb) curves give theoretical weight fractions of water for ideal stoichiometric compositions, whereas symbols give the directly measured water contents. The half-filled square represents a sample for which a minute loss of powder occurred during dehydration and for which the weight-loss experiment would slightly overestimate water content. Note that the pure-analcime samples were used for cell-parameter measurements but not for calorimetry.
X pl or X rblc peaks were stripped mathematically. Diffraction maxima were determined by Scintag's Peakfinder software. Unit-cell dimensions were calculated utilizing the program of Holland and Redfern (1997) from manually corrected Ka 1 data based on a Si internal standard (NBS standard reference material 640a having a stated unit-cell dimension of 5.430826 Å). Unit-cell dimensions from the Lafayette study (Table 1) agreed to within two standard errors or better with results from the Inel system, although restriction to lower-angle data resulted in higher standard errors for the Lafayette data.
Solution calorimetry
The calorimetric system used to measure enthalpies of solution has been described by Hovis and Roux (1993) and Hovis et al. (1998) . Sample availability did not necessitate the use of sample weights below 46 mg; the average sample weight for all calorimetric experiments was 102 mg. Each sample was dissolved in 910.1 g (about one liter) of 20.1 wt% hydrofluoric acid (HF) at 50 ∞C under isoperibolic conditions (meaning that the temperature of the medium surrounding the calorimeter was held constant) utilizing an internal sample container (Waldbaum and Robie 1970) . Either one or two dissolution experiments were performed in each liter of acid. Multiple experiments in the same solution had no detectable effect on the data, the result of the high dilution of dissolved ions in the acid. Because these samples dissolved rapidly, the calorimetric experiments were conducted on crushed, but not especially fine-grained material (coarser than 200 mesh or 100 mm). This avoided any possibility of heat effects associated with extremely small grain sizes (Nitkiewicz et al. 1983 ). 
UNIT-CELL DATA: RESULTS AND INTERPRETATION
Unit-cell data
Unit-cell dimensions for both Rb and Cs series are given in Table 1 . In the case of the Cs-bearing series, all series members were refined as isometric. Standard errors for the pure-Cs calorimetric end-member, however, are greater than those for other compositions. According to Palmer et al. (1997, their Table  8 ), the displacive phase transformation from tetragonal to isometric symmetry for "Cs-substituted leucite" occurs slightly above room temperature (~100 ∞C). It may be, therefore, that the Cs end-member of this investigation is actually tetragonal (although pseudo-isometric) and that the higher standard errors result from the averaging of peaks that are slightly split.
The Rb-bearing samples, although isometric for analcimerich compositions, are tetragonal for members with ≥68.9 mol% Rb. Unit-cell dimensions for samples having 68.9 and 72.3% Rb are not reported because the positions of split peaks are imprecise close to the inversion composition, and also because peak widths are larger than normal even within the context of split peaks. For example, the combined 004/400 diffraction maximum decomposes into two peaks for which half widths at half maximum are more than twice those of the equivalent peaks for tetragonal and isometric samples on either side of these compositions. However, electron microprobe data reveal no chemical inhomogeneity in either sample. Because all phases on this join were synthesized under P-T conditions corresponding to isometric symmetry, we conclude that samples at 68.9 and 72.3 mol% Rb have structural complexity related to quenching of the samples, even though one might expect the inversion to be second order. This phenomenon correlates with the observations of Henderson and Taylor (1982) , who have described mixed isochemical phases in various feldspathoid solid solutions, including both tetragonal and isometric forms of leucite found to coexist over a 120 ∞C temperature interval. This finding indicates that these transitions may have a first-order component, even though they are in large part second order. . The symmetry change seen in the Rb-bearing series, but not in the Cs-bearing one (except possibly in the pure-Cs endmember), is consistent with the notion that Cs +1 ions are large enough to sustain an isometric structure across the entire solidsolution series, structurally compensating for the concomitant decrease in H 2 O. A smaller substituent ion such as Rb +1 , however, is apparently not large enough to sustain such symmetry. One can predict from the yet smaller size of K +1 , therefore, that conversion from isometric to tetragonal symmetry in a theoretical analcime-leucite series would take place at a more analcime-rich composition than observed in the Rb-bearing series.
Interpretation of compositional trends
Analogy between chemical and thermal expansion
The tetragonal/isometric phase transition associated with compositional change in the analcime-Rb-leucite series mimics the thermal behavior of end-member K-leucite, Rb-leucite, FIGURE 2. The a unit-cell dimension of Cs-bearing samples vs. mole fraction pollucite (X pl ). Open squares are data measured at CNRS in Orléans, small circles are data measured at Lafayette College. Standard errors are generally smaller than the symbols. Data (Table 1) are divided into linear segments (see text). In comparison with Rbbearing samples, note that the scale of this diagram is finer than that of Figure 3 , as unit-cell dimensions are affected less by Cs than Rb substitution.
FIGURE 3. The a and c unit-cell dimensions of Rb-bearing samples vs. mole fraction Rb-leucite (X rblc ). All measurements were made at CNRS in Orléans. Standard errors as in Figure 2 . Note the change in symmetry from isometric to tetragonal.
and Cs-leucite samples investigated by Taylor and Henderson (1968) and Palmer et al. (1997) . The unit-cell data obtained by these authors shows an inversion from tetragonal to isometric symmetry for K-leucite and Rb-leucite as a result of increased temperature. Taylor and Henderson (1968) also identified a second structural change at a temperature above that at which isometric symmetry is achieved. The latter is reflected by flattening of the slope of the a dimension (also unit-cell volume) as plotted against temperature, a phenomenon also shown by the high-temperature data of Palmer et al. (1997) . Taylor and Henderson (1968) referred to the two temperatures at which slope changes took place as the "inversion" (meaning tetragonal/isometric inversion) temperature (T i ) and the "discontinuity" temperature (T d ), respectively. They attributed the latter to the attainment of a fully expanded tetrahedral framework (also see Hazen and Finger 1979) above which temperature has relatively little effect on expansion, reflected by the flattened slopes of a and volume with temperature. This interpretation is supported by Palmer et al. (1997) , who ascribe the limited expansion above T d primarily to the lengthening of T-O bonds (as opposed to the continued untwisting of corner-linked tetrahedra).
Coupled substitutions in the Cs-and Rb-bearing series give series-wide nonlinear variations of a and volume as functions of composition (Figs. 2-4 ), in agreement with earlier observations by Burley and Roux (unpublished) . By analogy with the thermal data of Taylor and Henderson (1968) and Palmer et al. (1997) , trends for a and volume in the analcime-Rb-leucite series can be divided into three linear segments: one tetragonal; a second at mid-composition representing expansion of a partially collapsed structure; and the third at analcime-rich compositions representing a fully expanded structure that is not much affected by the percentage of analcime component. Taylor and Henderson (1968) modeled CsAlSi 2 O 6 unit-cell data against temperature using only two linear segments, consistent with the fact that pollucite is isometric (or nearly so) at room temperature. (Note that a third linear segment representing tetragonal symmetry can indeed be seen in the data collected below room temperature by Palmer et al. 1997 .) The lower-temperature segment of the data from Taylor and Henderson (1968) represents an isometric structure progressing toward full expansion. With the flattening of the a and V slopes at T d the fully expanded structure is little affected by continued temperature increase. Figures 2-4 show a compositional parallel for the analcime-pollucite samples of the present investigation. Both a and V increase markedly from the pureCs end-member toward analcime, then level off at middle compositions once the structure is fully expanded.
It also is instructive to compare changes in the linear trends for cell parameters of the analcime-Rb-leucite and analcimepollucite series of this investigation with room-temperature data for the three anhydrous (K-Rb-Cs)AlSi 2 O 6 joins studied by Martin and Lagache (1975;  for the K-Cs series, also see Suito et al. 1974 ). These workers found that a K-Rb leucite series, which is entirely tetragonal at room temperature, displayed one series-wide linear trend in unit-cell volume with composition. In contrast, the Rb-Cs and K-Cs series, both of which switch at middle compositions from tetragonal to isometric symmetry, display linear trends in volume that change slope at the tetragonal/isometric inversion. These points in compositional space, signifying sufficient chemical expansion of the tetragonal structure such that isometric symmetry is achieved, correspond to T i in the thermal data of Taylor and Henderson (1968) . They also correlate with the change in slope and structural inversion observed in the analcime-Rb-leucite series (Fig. 4) of the present study.
Room-temperature symmetry of analcime
Given the comparable effects of temperature and chemistry on the unit-cell parameters of minerals in these systems, as well as the linear variations of these parameters, one can utilize data for K-, Rb-, and Cs-end-member compositions to predict the temperature at which tetragonal analcime is converted to isometric analcime [although it is important to remember that some details of the analcime structure, including the presence of two Na sites (see Palmer 1994) , are different from other materials in this group]. Either high-temperature [V i (hi-T) ] or room-temperature unit-cell volumes [V i (rm-T) ] at the tetragonal/ isometric inversion for K-leucite, Rb-leucite, and Cs-leucite can be plotted against the respective tetragonal/isometric transformation temperatures (T i ) of these materials (data of Palmer et al. 1997 ). The resulting relationship based on room-temperature data (Fig. 5) is expressed as 
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X rblc or X pl the room-temperature volume for analcime gives a nearly coincidental T i of 30 ∞C. Strictly speaking, the use of room-temperature data in conjunction with the high-temperature line is improper, but the resulting T i of 30 ∞C indicates that the "hightemperature" inversion volume is nearly equal to room temperature, in agreement with the previous calculation.) Thus, a specimen of analcime whose site occupancies allow for isometric symmetry (see Mazzi and Galli 1978; Hazen and Finger 1979 ) is likely to be near tetragonal/isometric inversion at room temperature. Even the slightest solid solution for such a sample could change T i a few degrees in either direction. It is not surprising, then, that some room-temperature samples of natural analcime actually are isometric, whereas others are pseudo-isometric and tetragonal (Mazzi and Galli 1978; Hazen and Finger 1979) . Indeed, symmetry may vary according to whether one is observing the relevant outcrop in summer or winter!
Volumes of mixing
A primary goal of this work was to model the thermodynamic mixing properties for these analogue series. Although volumes can be expressed for both series utilizing a succession of linear segments, excess volumes are mathematically more usable when configured as a continuous curve. Such curves for unit-cell volume are shown in Figure 6 , with corresponding equations for Cs-and Rb-bearing series of where X expresses mole fractions of the end-members, "pl" for pollucite and "rblc" for Rb-leucite. Note that both series have been forced to converge to the same point at the Na ends of the series by giving a high weight to the pure-analcime data. The corresponding volumes of mixing (V ex ; Fig. 7 ) express differences between the observed volumes and chemically equivalent "ideal" mechanical mixtures of the end-members. These are given below as third-order polynomials using Margules notation: FIGURE 5. High-temperature (squares) and room-temperature (circles) tetragonal/isometric transformation volumes plotted against transformation temperature for K-leucite, Rb-leucite, and Cs-leucite from the data of Palmer et al. (1997) . The line for room-temperature data corresponds to Equation 1. (5) where X anal is mole fraction analcime. The reversed asymmetries for V ex in the two series are easily explained as functions of the different expansion rates. Again, these are related to the presence of a tetragonal/isometric inversion in the Rb-bearing series that is not present in the Cs-bearing series (except possibly for pollucite itself), and also to the attainment of full expansion of the tetrahedral framework at a more analcime-rich composition in the Rb than in the Cs series.
CALORIMETRIC DATA: RESULTS AND INTERPRETATION
Calorimetric data
Enthalpies of solution for the Cs and Rb series are reported in Table 2 and Figure 8 . In order to gain a sense for calorimetric precision, twice the standard deviation of the heats of solution for all experiments on each sample was computed, then divided by the average heat of solution for the sample. The resulting values for precision range for various samples from 0.03 to 0.45% of the heat-of-solution values. Average reproducibility among all samples is 0.16%, which is among the higher degrees of precision ever observed in this laboratory. 
Note that data for the sample at X pl = 0.301 do not fall along this line and were not used in the calculation. Although there is no basis from X-ray or unit-cell data to doubt the quality of the latter sample, past experience suggests that the sample might have contained an impurity, perhaps unreacted synthesis materials. There can be little doubt, however, that the data define a linear trend. This correlates with the absence of enthalpies of mixing at all compositions. Indeed, enthalpies of mixing of low magnitude are consistent with the very small Gibbs energies of mixing (Fig. 9) calculated from the aqueous ion-exchange data of Lagache (1995) for similar crystalline solutions.
The Rb-bearing series exhibits similar behavior. Calorimetric data are fit well by a linear relationship between heats of solution and composition: -H soln (kJ/mol) = 496.50 (0.01) -12.5 (0.3) X rblc .
Even though this series undergoes a symmetry change at a composition between 56.4 and 68.9 mol% Rb, there is no hint from the tightly constrained calorimetric data of an energy effect related to tetragonal/isometric inversion, nor do the two tetragonal samples closest to the inversion composition (noted earlier as having finely split X-ray peaks) give calorimetric evidence of structural complexity.
Note that no calorimetric data could be collected for pure analcime. This was a result of the experimental difficulty of synthesizing an impurity-free sample for the calorimetric investigation, even though two analcime samples were indeed produced for unit-cell work. Without such data, independent least-squares analyses of the Rb-and Cs-calorimetric data were unlikely to produce lines that intersected the pure-analcime ends of the two series at a common point. Equations 6 and 7, therefore, were constrained to produce such agreement. Even so, the analyses produced values for r 2 of 0.996 and 0.983, respectively, for the two equations. It is clear, then, that enthalpies of mixing for both series are either zero or hidden within the very small standard deviations of the calorimetric data.
DISCUSSION
Close parallels can be drawn between the behavior of unitcell dimensions/volumes for the analcime-pollucite and analcime-Rb-leucite solid solution series of the present work, the thermal behavior of end-members leucite/Rb-leucite/pollucite (Taylor and Henderson 1968; Palmer et al. 1997) , and roomtemperature chemical effects in K-Rb/K-Cs/Rb-Cs leucite binary series (Martin and Lagache 1975) . Transformation from tetragonal to isometric symmetry in all cases is apparently achieved as a function of tetrahedral framework expansion (according to Palmer et al. 1997 , via the untwisting of tetragonal prisms of corner-linked (Al,Si)O 4 tetrahedra about [001]) through either chemical or thermal means. Once isometric symmetry has been achieved, further framework expansion occurs at a subdued rate, reflected by the flattening of unit-cell dimension/volume trends on plots against temperature or com-FIGURE 8. Enthalpies of solution for Rb-and Cs-bearing series vs. mole fraction Rb-leucite or pollucite. All dissolutions were carried out at 50.0 ∞C. Symbols as in Figure 4 , except that diamonds are for a Csseries sample whose data fall off the fitted line. The lines correspond to Equations 6 and 7.
FIGURE 9. Calculation of thermodynamic parameters from the aqueous ion-exchange data of Lagache (1995) . The slope of the fitted line implies a Margules parameter for the Gibbs free energy of mixing of 2.6 kJ/mol, based on a regular-solution model. This translates into an excess Gibbs free energy of only 650 J/mol at X pl = 0.5. . One could predict that the volumes of mixing for an analcime-K-leucite system would be even greater in magnitude than for the Rb-series, and maximized toward even more analcime-rich compositions, as size contrast would increase for H 2 O-K +1 substitution. Despite the structural changes evidenced by the unit-cell data for analcime-Rb-leucite and analcime-pollucite, the enthalpies of solution show linear trends having a single slope across each series. For the Rb-bearing series, there is no noticeable energy effect associated with the change from tetragonal to isometric symmetry, entirely in keeping with the displacive nature of the transformation. Moreover, based on failure of the calorimetric data for the Rb-series to change slope at the transformation composition (Fig. 7) , one of two scenarios seems likely. Perhaps the energies associated with pre-transition framework expansion related to the untwisting of tetrahedral components of the structure are similar in magnitude to those associated with post-transition expansion that is the result of T-O bond lengthening (Palmer et al. 1997) . Or, maybe the various expansion processes are coupled at a linearly changing rate as the style of structural expansion changes across the solid solution series.
Whatever the explanation for the linear trends of the calorimetric data, enthalpies of mixing in these systems are not detectable at the conditions of the calorimetric measurements (50 ∞C), despite the high precision of the data. Unlike systems such as alkali feldspars (Hovis 1988) or muscovite-paragonite micas (Roux and Hovis 1996) , there is no enthalpic evidence of strain energy associated with intermediate compositions of the series. Barring excess heat capacities above 50 ∞C for these materials, the only mechanism through which significant Gibbs free energies of mixing could be generated is through PV ex energy. In such a case, immiscibility in these systems could only be associated with high pressure.
Based on the analogue systems studied here, one can reasonably model the enthalpic behavior of the analcime-leucite system as ideal, or nearly so. Thus, geologic environments within the earth's crust should reflect complete miscibility between the end-members. The absence of mid-compositional members of this mineral series in nature, therefore, cannot be ascribed to strain related to analcime substitution in leucite, or vica versa. Rather, their absence must be related to heterogeneous phase equilibria beyond the analcime-leucite system, in all likelihood ones involving feldspars and other feldspathoids, which energetically favor the formation of alternative mineral assemblages.
Finally, data for the analcime-Rb-leucite and analcimepollucite systems form an interesting contrast with the mixing properties of other mineral series studied in this laboratory. Alkali feldspars (Hovis 1988 (Hovis , 1997 ; Hovis and Navrotsky 1995; Hovis and Graeme-Barber 1997; ) and muscovite-paragonite micas (Roux and Hovis 1996) exhibit positive volumes of mixing that are accompanied by positive enthalpies of mixing. Middle compositions of the nephelinekalsilite system (Hovis and Roux 1993, 1999) show positive enthalpies of mixing, but no volumes of mixing. Now analcime-leucite analogue systems display positive volumes of mixing, yet no enthalpies of mixing. Collectively these behaviors are a reminder that positive volumes and enthalpies of mixing do not always go hand-in-hand. Apparent "physical nonideality" is not necessarily accompanied by "thermal nonideality." In the case of analcime-leucite analogue systems, structural expansion produces multiple linear segments in the volume properties that give positive volumes of mixing relative to end-member compositions. Either because of energetic coupling or the similarity in energy magnitudes of various expansion processes, however, expansion is not accompanied by excess enthalpies resulting from structural strain, nor apparently by immiscibility for intermediate members of these series.
